Background/Aims: Gastric cancer (GC) is one of the most common and lethal varieties of cancers. Anticancer activities of anti-CTLA-4 and anti-PD-1 antibodies have been explored in different cancers, including GC. The study aimed to explore the role of combination therapy with anti-CTLA-4 and anti-PD-1 antibodies in GC cells, and understand the possible underlying molecular mechanism. Methods: MKN-45 and MGC-803 cells were divided into four groups, namely control, CTLA-4, PD-1, and CTLA-4&PD-1. Cell viability, cell cycle, apoptosis, migration and invasion were measured by MTT, flow cytometry, and transwell assays, respectively. Expression levels of different mRNAs and proteins associated with apoptosis, epithelial mesenchymal transition (EMT), β-catenin, MAPK, and PI3K/AKT pathways were assessed by RT-qPCR and western blot analysis, respectively. The tumor formation in vivo was examined by tumor Xenograft model assay. Results: Combination with anti-CTLA-4 and anti-PD-1 antibodies significantly suppressed cell proliferation, induced apoptosis, as well as inhibited migration, invasion, and EMT in MKN-45 and MGC-803 cells. Western blotting revealed that combination with anti-CTLA-4 and anti-PD-1 antibodies declined the activation of β-catenin, MAPK and PI3K/AKT signal pathways. Moreover, combination of anti-CTLA-4 and anti-PD-1 antibodies inhibited tumor formation in vivo. Furthermore, the mRNA levels of CTLA-4 and PD-1 were significantly decreased in si-CTLA and si-PD-1 transfected cells, and combination with si-CTLA and si-PD-1 also suppressed cell proliferation, migration, invasion, EMT and induced apoptosis in MKN-45 cells. Conclusion: Combination therapy with anti-CTLA-4 and anti-PD-1 antibodies presented the promising outcomes in GC, although further investigations are warranted.
Introduction
Gastric cancer (GC) is one of the most common cancers, and is the fifth most common type worldwide [1] . It is the second most common cause of cancer-related deaths after lung cancer [2, 3] . In 2013, about 984, 000 new cases of GC were diagnosed, and about 841, 000 deaths were documented due to GC [4] . Treatment options for GC are decided based on the stage and type of cancer, and the different treatment modalities include surgical removal of malignancy or via endoscopic resection, surgery, chemotherapy, and radiotherapy [5] [6] [7] [8] . Despite recent advances in the treatment strategies for GC, the prognosis of GC is still grave [8] . Currently, immunotherapy has become one of the important treatment modalities for management of different varieties of cancers including GC [1, 9, 10] . Studies have already established that host immunity plays a major role in defensing the occurrence and development of tumors [1, 11] . Cancerous cells are known to evade the host immune surveillance, thereby facilitating its invasive capability [12] [13] [14] [15] [16] .
It has been established that an increase in natural regulatory T lymphocytes (Treg) is closely associated with tumor progression in many cancer patients [16] . Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) is one of the major regulatory factors for activating T-cells. Constitutively, T-cells are expressed on cell surface of Treg and its expression can be activated T lymphocytes and monocytes [12] . Its structure is similar with costimulatory molecules, such as CD28, as well as it has high affinity to the same receptor (CD80/86) [12] . It is well known that up-regulation of CTLA-4 can reduce the expression levels of interleukin-2 (IL-2) and its receptor. Moreover, CTLA-4 can arrest T cells at G1 phase. Several studies have explored the outcomes of CTLA-4 blockade with corresponding monoclonal antibodies in different types of cancers [12, 15, 16] .
Programmed cell death protein 1 (PD-1) is a type of immunoglobulin, which is mainly expressed on the surface of activated CD4+/CD8+ T cells, B lymphocytes, natural killer (NK) cells, and myeloid cells [17] . Recent study demonstrated that PD-1 expression could suppress the activation of T cells, thereby playing an important role in immune tolerance. Moreover, PD-1 suppressed the action of T cells through binding to programmed death-1 ligand1 (PD-L1) and programmed death-1 ligand2 (PD-L2) [17] . Increasing evidences have established that the action of PD-1 contributes to the tumor cells to evade immune surveillance, thereby improving the invasive capability of the tumor cells [5, [17] [18] [19] . Furthermore, several studies have explored the anticancer potential of antibodies against PD-1 [17] [18] [19] [20] . However, the effect of CTLA-4 and PD-1 on GC cells remains unclear.
Hence, the present study aimed to explore the anticancer effect of combination of anti-CTLA-4 and anti-PD-1 antibodies in GC cells, as well as to uncover its possible underlying molecular mechanism.
Materials and Methods
Cell Culture and Treatment MKN-45 cells with high metastatic potential, MGC-803 cells with low metastatic potential used in the present study experiments were obtained from The Second Hospital of Jilin University (Jilin, China). The cells were maintained in Dulbecco's modified Eagle's medium (DMEM, Gibco BRL, Rockville, MD, USA) with 10% fetal bovine serum (FBS, Life Technologies, Carlsbad, CA, USA), 100 U/mL penicillin at 37°C in a humidified atmosphere containing 5% CO 2 .
Antibodies of anti-CTLA-4 (ab210381, 1:1000) and anti-PD-1 (ab140950, 1: 1000, Abcam, Cambridge, UK) were used to treat these cells. MKN-45 and MGC-803 cell lines were divided into four groups, namely as control group (cells were not treated with either of the two antibodies, CTLA-4 or PD-1 antibodies), CTLA-4 treated group (cells were treated with anti-CTLA-4 antibodies), PD-1 treated group (cells were treated with anti-PD-1 antibodies) and CTLA-4&PD-1 group (receiving combined therapy with anti-CTLA-4 and anti-PD-1 antibodies).
Cell Transfection
The CTLA-4-specific and PD-1-specific small interference RNA (siRNA) were constructed by GenPharma (Shanghai, China) to inhibit the RNA levels of CTLA-4 and PD-1. All transfections were detected by using the Lipofectamine 2000 reagent (Invitrogen, CA, USA) according to the manufacturer's protocol.
Cell Viability Assay
The MKN-45 and MGC-803 cells were seeded in 96-well plates at a density of 3 × 10 3 /well. After incubation for 24 h, 48 h and 72 h, 10 μL Cell Counting Kit-8 (CCK-8, Dojin Laboratories, Kumamoto, Japan) was added to the culture plates, and the plates were incubated for 1 h at 37°C in humidified 95% air and 5% CO 2 . The absorbance was measured at 450 nm using a Microplate Reader (Bio-Rad, Hercules, CA, USA).
Cell Cycle Assay
Cell cycle analysis was performed by using the Cell Cycle and Apoptosis Analysis Kit (Beyotime, Shanghai, China) according to the manufacturer's instructions. After treatment, these cells were washed twice with phosphate-buffered saline (PBS) and fixed in 70% ethanol at 4°C overnight. Afterward, these cells were re-suspended in 500 μL PBS containing 0.2 mg/ml RNase A, and 50 μg/mL propidium iodide (PI) was added to stain these cells for 30 min in the dark at room temperature. The percentages of cells occupying the different phases (G0/G1, S, and G2/M) of the cell cycle were counted and compared using FACScan flow cytometer (Becton Dickinson, San Jose, USA).
Migration and Invasion Assay
Cell migration and invasion were assessed by transwell chamber with 8.0-μM pore size (Corning, Cambridge, MA, USA). Briefly, 200 μL MKN-45 and MGC-803 cells suspensions were added into the upper chamber, and 600 μL of complete medium was then added to the lower chamber of each well. After incubation for 48 h, these cells were stained with Giemsa (Sigma, St. Louis, MO, USA) for 30 min. Non-traversed cells were removed by a wet cotton swab. The cell invasion assay was carried out similarly, except that 0.8 mg/ mL (Matrigel BD Biosciences) was added to each well to incubate for 6 h before cells were seeded on the membrane.
Apoptosis assay
Cells were harvested using 0.25% trypsin-EDTA and were washed twice in ice-cold PBS. Then, cells were suspended in 100 μL 1× binding buffer at a concentration of 1 × 10 6 cells/ml. After this, 5 μL fluorescein isothiocynate (FITC)-conjugated Annexin-V and 10 μL PI were added to each tube and incubated for 15 min at room temperature. Then, 400 μL 1 × binding buffer was added to each tube before acquisition and analysis using a flow cytometer.
Real-time quantitative PCR (RT-qPCR)
Total RNA was extracted using TRIZOL (Invitrogen Life Technologies, Carlsbad, CA, USA). RNA (2.5 μg) was reverse-transcribed using the Superscript™ III kit (Invitrogen) according to the manufacturer's instructions. The genes were amplified from the cDNA by PCR. The cDNA was amplified by PCR using the specific primers. The PCR was performed using an initial step of denaturation (5 min at 94°C), 20-28 cycles of amplification (94°C for 30 s, 54-58°C for 1 min and 72°C for 1 min) and an extension (72°C for 5 min). RTqPCR was performed by using One Step SYBR® PrimeScript®PLUS RT-RNA PCR Kit (TaKaRa Biotechnology, Dalian, China). The GAPDH served as the internal control for sample loading and mRNA integrity. The data was analyzed by the 2 -ΔΔCt method [21] .
Western Blot Assay
The proteins from these cells were lysed using RIPA buffer (1× PBS, 1% NP-40, 0.5% sodium deoxycholate and 0.1% SDS, containing fresh protease inhibitor cocktail, Beyotime Biotechnology, Shanghai, China). The electrophoresis and immunoblotting procedures were performed according to a previous report [22] . The membranes were probed with primary antibodies of anti-Bcl-2 (ab32124), anti-Bax (ab53154), anti-E-
, and GAPDH (ab181602).
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After incubation with the appropriate primary antibodies, the membranes were incubated for 1 h at room temperature with a secondary antibody conjugated to horseradish peroxidase (HRP)-conjugated goat antirabbit IgG (ab205718, 1:2000, Abcam). The blots were visualized by a PowerOpti-ECL (Animal Genetics Inc, Tallahassee, FL, USA) detection system according to the recommended procedure.
Tumor Xenograft Model In vivo
Thirty two male BALB/c nude mice of 5 weeks old were obtained from the Experimental Animal Center of Jilin University (Changchun, China), and these mice were treated according to the local ethics guidelines for animal research. Subsequently, MKN-45 cells in 0.1 ml of serum-free RPMI-1640 were injected subcutaneously with a 24-gauge needle into the right flank of each nude mouse. The mice were randomized for therapy in four experimental groups, and 200 μg of rat α-mouse PD-1 (29F.1A12) or 100 μg of α-CTLA-4 (clone 9D9) were administered intraperitoneally (i.p.) 3, 6, 9 and 12 days (every 3 days for a total of four times). Rat IgG was used as a control group. The tumor volume was detected according to previous study [23] . All studies involving animals were approved by the Ethics Committee of our institution.
Statistical analysis
Statistical differences between groups were analyzed by Student's t-test and one-way analysis of variance (ANOVA) for parametric data. Data are expressed as mean ± standard deviation (SD). P<0.05 was set as the level of statistical significance.
Results

Combination of anti-CTLA-4 and anti-PD-1 antibodies suppressed cell proliferation
To explore the effect of anti-CTLA-4 and anti-PD-1 on cell proliferation, CCK-8 assay was performed to examine the viability of MKN-45 and MGC-803. As shown in Fig.  1A and 1B, cell viability was significantly suppressed in all the three test groups of CTLA-4, PD-1, and CTLA-4&PD-1 compared to control group in both MKN-45 and MGC-803 cell lines. However, suppression of cell viability was higher in the group receiving both anti-CTLA-4 and anti-PD-1 antibodies (P<0.01) than in anti-CTLA- 4 (Fig.  2D ). These data indicated that combination of anti-CTLA-4 and anti-PD-1 antibodies could induce cell apoptosis. 
Combination of anti-CTLA-4 and anti-PD-1 antibodies inhibited cell migration, invasion and EMT
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Cellular Physiology and Biochemistry group (P<0.05, Fig. 3A and 3B ). RT-qPCR was performed to measure the related factors of EMT process. It was found that combination of anti-CTLA-4 and anti-PD-1 antibodies significantly suppressed EMT as evidenced by increasing E-cadherin expression, and suppressing N-cadherin and Vimentin expression compared to control group (p<0.01), only anti-CTLA-4 antibody treated group (P<0.05), and anti-PD-1 antibody treated group (P<0.05, Fig. 4A ). Furthermore, western blot analysis supported these findings, as the expression of E-cadherin protein was maximum while the expression of N-cadherin and Vimentin were minimum in cells treated with both anti-CTLA-4 and anti-PD-1 antibodies compared to other groups (Fig. 4B) . All above results displayed that combination of anti-CTLA-4 and anti-PD-1 antibodies could inhibit cell migration, invasion and EMT in GC cells. 
Combination of anti-CTLA-4 and anti-PD-1 antibodies suppressed the activation of β-catenin, MAPK and PI3K/AKT signal pathways
Next, the protein levels of β-catenin pathwayassociated factors were explored in different groups by using western blot analysis. It was found that the protein levels of total β-catenin, Nucleus and Cytoplasm were notably decreased in the cells treated with both anti-CTLA-4 and anti-PD-1 antibodies compared to other groups of cells (Fig. 5A and 5B). Additionally, we found that both anti-CTLA-4 and anti-PD-1 antibodies suppressed the protein levels of phosphorylated ERK1/2, PI3K and AKT compared to other groups of cells (Fig. 6 ). There was no significant change of ERK1/2, PI3K and AKT in different groups. These data indicated that combination of anti-CTLA-4 and anti-PD-1 antibodies could block β-catenin, MAPK and PI3K/AKT signal pathways, thereby affecting cell proliferation, apoptosis, migration and invasion in GC cells.
Combination of anti-CTLA-4 and anti-PD-1 antibodies inhibited tumor formation in vivo
Finally, the effect of anti-CTLA-4 and anti-PD-1 antibodies on tumor formation in vivo was investigated. As shown in Fig. 7 , the results displayed that combination of anti-CTLA-4 and anti-PD-1 antibodies significantly inhibited tumor volume compared with control group (p<0.001), only anti-CTLA-4 antibody treated group (P<0.01), and only anti-PD-1 antibody treated group (P<0.05) after treatment for 6, 9 and 12 days, respectively. These data indicated that anti-CTLA-4 and anti-PD-1 antibodies could suppress tumor formation in vivo.
Combination of CTLA-4 silencing and PD-1 silencing regulated cell proliferation, apoptosis and metastasis in MKN45 cells
To further investigate the role of CTLA-4 and PD-1 in GC cells proliferation, apoptosis, migration, invasion and EMT was examined. The plasmids of si-CTLA-4 and si-PD-1 were transfected into MKN45 cells, and RT-qPCR assay showed that the mRNA levels of CTLA-4 and PD-1 were significantly down-regulated by CTLA-4 silencing or PD-1 silencing compared with siNC group (P<0.01, Fig. 8A ). The combination of CTLA-4 silencing and PD-1 silencing significantly suppressed cell viability, induced apoptosis, as well as down-regulated Bcl-2 and up-regulated Bax expression in MKN45 cells (P<0.05 or 
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Cellular Physiology and Biochemistry P<0.01, Fig. 8B-8D ). Moreover, cell migration and invasion were also decreased by CTLA-4 silencing and PD-1 silencing (P<0.05, Fig. 8E ). Meanwhile, CTLA-4 silencing and PD-1 silencing increased the protein level of E-cadherin, and decreased the protein levels of N-cadherin and Vimentin in MKN45 cells (Fig. 8F) . Further, we found that the protein levels of total β-catenin, Nucleus and Cytoplasm were down-regulated by CTLA-4 silencing and PD-1 silencing in MKN45 cells (Fig. 8G ). All these data indicated that combination of CTLA-4 silencing and PD-1 silencing could inhibit cell proliferation, metastasis and induce apoptosis in MKN45 cells. 
Discussion
Approximately two-thirds of the patients with GC have been unable to receive the tumor resection treatment or presented the distant organs metastasis at the initial diagnosis. Even with screening programs, more than 80% GC patients also happened locally or distally recurrence after surgery [24] . Current understanding of GC pathophysiology from biological and genomic perspective has led to the development of target-oriented therapy [24, 25] . Immunotherapy has been proven to play a major role in target-oriented therapy [7, 10, 14, 19] . Both CTLA-4 and PD-1 antibodies are widely utilized in immunotherapy in recent years. Several studies have already explored the role of anti-CTLA-4 and anti-PD-1 antibodies in the management of various cancers, including GC [19, 26] . In the present study, we have explored the combined role of anti-CTLA-4 and anti-PD-1 antibodies in GC cells. Results showed that combination of anti-CTLA-4 and anti-PD-1 antibodies significantly suppressed cell viability, migration, invasion and promoted apoptosis in both MKN and MGC-803 cells. Additionally, we also demonstrated that combination of anti-CTLA-4 and anti-PD-1 antibodies inhibited EMT process, as increasing E-cadherin expression and decreasing Vimentin and N-cadherin expression. Further, treatment with anti-CTLA-4 and anti-PD-1 antibodies blocked β-catenin, MAPK and PI3K/AKT pathways in GC cells. Finally, we found that combination of anti-CTLA-4 and anti-PD-1 antibodies inhibited tumor formation in vivo.
Several studies have proven the anticancer effect of anti-CTLA-4 antibody on different types of cancers, such as non-small cell lung cancer (NSCLC), melanoma, and GC [15, 19, [26] [27] [28] [29] . Ralph et al. conducted the clinical trial with tremelimumab (a fully humanized anti-CTLA-4 monoclonal antibody) in eighteen patients with metastatic GC and esophageal adenocarcinoma, and the study revealed the promising role of CTLA-4 blockade along with other forms of immunotherapy [15] . Currently, anti-PD-1 antibody is approved for the management of untreated malignant melanoma and NSCLC. Moreover, several studies have explored its role in the management of other cancers, including ovarian cancer, prostate cancer, bladder cancer, and GC [30, 31] . Evidence from Liu et al. demonstrated that anti-PD-1 antibody might be a therapeutic approach for GC [4] . Based on these previous studies, we explored the effect of combination of anti-CTLA-4 and anti-PD-1 antibodies on GC cells. The results showed that combination of anti-CTLA-4 and anti-PD-1 antibodies significantly suppressed cell proliferation, migration, invasion, EMT, as well as induced apoptosis in GC cells. These data suggested that combination therapy with anti-CTLA-4 and anti-PD-1 antibodies might suppress the development of GC.
Several studies have discussed the role of β-catenin pathway in different types of cancer including GC, and these studies demonstrated that activation of β-catenin pathway was implicated in the progression of GC [32, 33] . MAPK and PI3K/AKT signal pathways are important regulators in various cancers, and which are associated with the occurrence and development of GC [34] . Evidence from Qu et al. reported that activation of PI3K/AKT and MAPK/ERK could promote GC cells proliferation [35] . Shah et al. found that CTLA-4 was a direct target of Wnt/β-catenin signaling and was expressed in human melanoma tumors [36] . Further, Deken et al. demonstrated that targeting the MAPK and PI3K pathways in combination with PD-1 could blockade in melanoma [37] . However, whether β-catenin, MAPK and PI3K/AKT signal pathways could influence the anticancer effect of anti-CTLA-4 and anti-PD-1 antibodies on GC cells remains uninvestigated. These data indicated that anti-CTLA-4 and anti-PD-1 antibodies regulated cell proliferation, apoptosis and metastasis might through inactivation of β-catenin, MAPK and PI3K/AKT signal pathways. Finally, in vivo experiment was performed to further confirm the effect of anti-CTLA-4 and anti-PD-1 antibodies on tumor formation. The results revealed that combination of anti-CTLA-4 and anti-PD-1 antibodies inhibited tumor formation in vivo. Thus, these data suggested that combination therapy with anti-CTLA-4 and anti-PD-1 antibodies have shown encouraging results in GC.
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